The scattered radiation patterns of surface cracks irradiated by acoustic surface waves are interpreted to provide estimates of crack length and aspect ratio, geometric crack parameters needed to enable failure prediction. The technique is demonstrated for circular and elliptical cracks as small as 100 μm in depth with an accuracy of about 10%. The key features are the positions and spacing of peaks and nulls in angular and frequency dependence of scattered surface intensity. A simple model based on optical diffraction theory is demonstrated on cracks in commercial hot-pressed silicon nitride studies at 100MHz and on spark eroded slots in commercial aluminum studies at 2-10 MHz. The results are used. to calculate the stress intensity factors and to describe the direction of crack propagation for a variety of real and simulated cracks. Implications of the technique with respect to crack closure and effects of stress and time are also discussed. 
INTRODUCTION
Surface cracks are playing an ever increasingly important role in the fracture of structural materials and are now being given concentrated attention from the point of view of characterization towards more effective failuri prediction. In a recent paper Doyle and Scala presented a review of both bulk and surface wave ultrasonic methods of the measurement of the depth of (part-through) cracks. They give a rather extensive survey of the literature and considered the research which relates to techniques for measuring crack depth by studying the scattered pulse amplitude, by using time-of-flight methods, or by carrying out ultrasonic spectroscopic analysis. On the basis of the techniques developed up to the time of their survey, they suggested that measurements of the transit time of bulk waves appears most likely to provide simple and reliable depth measurements in the near future.
On the other hand, since this review was written there have been several reports on new techniques and approaches using surface waves wh~ch show considerable promise. Khuri-Yakub and Kino have developed a new technique for exciting highfrequency (100 MHz range) surface and shear acoustic waves on non-piezoejectric materials. Fraser, Khuri-Yakub and Kino have produced a design for an efficient b4oad-band wedge transducer. Resch et al. have carried ot.:"!: measurements with a surface wave probe and predicted fracture stresses in good agreement with those measured. The calculations of the fracture stress were based in gart on theoretica~ developments by Kino. Domarkas et al. have observed structure in the frequency dependence of the acoustic surface reflection coefficient *.Part of the work by B. R. Tittmann was carried out during his stay at Universite Paris VII as "professor accocie". ~Laboratoire associe au C.N.R.S. associated with a rectangular slot which they have interpreted in terms of resonances across the 7 length and depth of the slot. Ayter, Auld and Tan have developed two theoretical approaches based on real reciprocity relations for the scattering of Rayleigh surface waves by part-throuqh cracks. In a short letter we 0 have reported experimental data and a simple model on the estimation of the size of small surface cracks.
In this paper we present the details of our work both for crack length and crack depth determination and cast these results into the context of the fracture mechanics of part-through cracks to delineate the stress intensity range (for a given stress application) and determine the remaining fatigue life of structural materials. The considerations include, specifically, the differences between cracks in ductile and brittle materials, the degree of crack closure, the crack orientation, and the specimen geometry. These factors are shown to play an important role in selecting those types of scattering measurements most directly useful for failure prediction.
CRACK PARAMETERS FOR FAILURE PREDICTION
Since failure prediction is the ultimate objective of the quantitative NDE (nondestructive evaluation) studies reported here, our approach has been to delineate the important fracture mechanics parameters and ask what ultrasonic measurements must be made, and how they must be interpreted to obtain these parameters as directly and accurately as is needed for failure prediction. Table I presents values for parameters which are important in defining the approach to the study of cracks in technologically important materials. It lists some key alloys and ceramics ordered according to their ductility (percent elongation) and shows the importance of considering both the case of fatigue cycling to failure and brittle fracture. In co 1 umns three and four of Tab 1 e I, respectively, are listed approximate values of Driven by these considerations this paper ~ttempts to address the short wavelength regime, 1.e.,_kac' 1, emphasizing cracks in ductile mater1als but demonstrating the applicability of the ultrasonic techniques to cracks in ceramics, where the critical crack sizes are small and therefore the wavelength must be very short. To demonstrate the somewhat specialized nature of the approach that must be taken for ductile materials growth of an EDM notched sample 9 where the.progress of crack propagation during cyclic fatigue is depicted in terms of marker and growth blocks (light and dark shaded regions), respectively, which correspond to growth under low and high applied stress. Since the crack growth ta~es place over a relatively long time it is important to speak in terms of a stress intensity range and a remaining life in te~0 of the number of cycles for failure. After Irwin the stress intensity range (in mode I) ~ K 1 is where 4K I = C 40' .Ja!Q c = 1.95
and where 4o is the stress range, a is the crack depth, 2c is the crack length, a i ld is the yield stress, amax is the maximum appl{ea stress· and~ is the angle 1n the crack plane with respect to the crack length. The symbols are identified in Fig. 2a . For a given applied stress the stress intensity range 4 K 1 may be ca 1 cul a ted from a knowledge of the metallurgy of the part (i.e., avield), the-crack depth a and the depth-to-length rat1o. Assuming the crack is in the Paris regime of validity, the ££ack-depth-increase-per-unit fatigue cycle da/dN is (2) where A and m are material constants. The remaining life or number of cycles to failure is then 
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was A typical curve of da/dN as a function of AK is shown schematically in Fig. 2b . Equation (4J used to estimate the critical flaw sizes of Table I .
In summary, aside from the metallurgical properties of the material, the important fracture mechanics parameters which NDE must give are the crack depth and length.
EXPERIMENTAL APPROACH
The approach used in these measurements embraces both the techniques of Rayleigh generation/detection and spectroscopic analysis. These techniques are in general not new, since surface waves have been used for quite some time as a basis of measurement of era£~ depth. For example, Reinhardt and Dally noted that the variation of the surface wave transmission and reflection coefficients with crack depth might provide results for cracks less than half a wavelength deep. Buck, Frandsen, and Marcusl3 have used surface waves to monitor crack growth and crack closure. Silk 1 4 has made crack depth measurements by detecting S-waves produced by ~ode conversion of R-waves at !ge craf~ tip. Cookl Hudge~l, 1~o rgan and Lumb, Hall and Lidingto~ and S1lk have used surface timing methods for crack depth measurement. Ultrasonic spectroscopy originally applied Pf3marily to bulk defects as discussed by Gericke and Brown 2 U has also now been applied t~1 surface flaws with Rayleigh waves. Morgan used the time reconstitution method and crystal method to not only detect the crack, but also map its morphology.
Our approach combines several of these methods in a new way by studying the scattered radiation pattern of surface waves from cracks in the time and frequency domain. In some of the experiments, commercial broad-band longitudinal wave transducers were used with water wedges to provide both the transmitter and receiver. The actual transducer configuration consisted of a small metal box which was filled with water and into which was mounted a Parametrics M-series transducer whose inclination angle to the specimen surface was adjusted to the Rayleigh angle. The metal box was glued to the spe~imen surface with had low viscosity quick dry1ng cement and in order to minimize the attenuation of the surface waves as they cross beneath the edge of the box, the edge was tapered into a knife-edge.
In other experiments at high frequencies {~00 MHz) an i~terdigital 2ransducer deposited on a L1Nb03 delay l1ne was used on plates of commercial hot-pressed silicon nitride (NC 132) into which cracks were placed by the indentation technique which h~2 been shown to give semi-circular crack shapes.
In the narrow band experiments at 2.2 MHz wedge transducers were used on plates of commercial rolled Al into which semi-circular slots had been cut by the spark erosion technique. In other broad-band experiments the transducers were again commercial broadband transducers (2-9 MHz at 3 dB) inclined to the sample surface with both transducer and specimen immersed in water at the critical Rayleigh angle. The samples were plates of Duraluminum into which slots had been cut by indentation with a flat, semi-circular tip of a hard tool. In each of the experiments the angular dependence data were obtained by either rotating the sample or the transducer about an axis through the center of the crack. The precision of determining the angle is estimated at ± 0.5 degrees. Figure 3 shows a photograph of the apparatus of one of the experiments and depicts the goniometer that was used with circular plates and t~e water-wedge transducers (in the form of boxes) d1scussed above. Also shown are the associated electronics such as a Parametrics Pulser-Receiver and a Tektronics sampling scope which was used to digitize the rf signals received and provide an interface with a Data General S/200 Eclipse computer. This minicomputer was used to obtain the Fourier transform of the signal, which was typically divided by the transducer transfer functions and to so calculate, and display the normalized magnitude of the resulting Fourier transform. The transducer transfer function was obtained in a separate experiment in which the surface waves were back-scattered from an ideal scatterer, typically, a sharp edge of quasi-; nfi nite extent.
RESULTS

Theoretical Model
A rigorous treatment of the scattering of acoustic surface waves from ·semi-circular surface cracks at arbitrary wavelength-to-crack radius ratio is not present~ ~~ailable. However, approximate theories • in the long and short wavele~gth limits are currently being given much attent1on and preliminary comparisons between theory and experiment show high promise.
In particular Auld et al 7 have formulated two theor~tical approaches based on real reciprocity relat1ons; one of them utilizes the volume integral form of the reciprocity relation, which gives the scattering coefficient as an integral o. product of unperturbed and perturbed fields and Bar 's approximation is applied to evaluate the 1erturbed fields. The other approach utilizes the ~ltrasonic analog of the induction theorem in electromagnetics, in which the crack is represented Fig. 3 Photo of apparatus, sample holder, and transducer goniometer.
by a surface distribution of equivalent body forces. This force distribution is then approximated and normal mode techniques are used to find the scattered amplitude. These theoretical approaches apply in the same regime as is of interest here and show agreement with the experimental results for angular scattering reported on here. However, in the frequency response the theory does not predict the resonances observed experimentally, although showing agreement with the background radiation.
We have formulated a model which we have found useful in analyzing both the angular and frequency dependencies of the Rayleigh wave scattering by a surface crack. This model is based on geometrical and optical diffraction theory and is applicable when the crack is long and deep compared to the Rayleigh wavelength. The interaction may be viewed as being concentrated near the surface, since the fields of the wave propagating on the free surface diminish rapidly or decay as they reach deeper into the material and are unable to probe the region near the crack tip. In this context the backscattered radiati~n pattern is the Fourier transform of the complex amplitude distribution across an irradiated aperture. In general, using the mathem~iical expression of the Huygens-Fresnel principle, , we can write the field qmplitude at point (u 0 , v 0 ) as
where h(u,v;x,y) = (1/iX)~ exp(ikr) cos(ii,r) and where U(x,y) is the complex amplitude distribution across the aperture and is identically zero outside the aperture. k is the wave number and r is the distance between points (x,y) and (u,v). cos(ii,r) is the obliquity factor and is approximately equal to one in this case where the distance to the detector is much greater than the maximum linear dimensions of the aperture and only a finite region about the apezture 2 normal iz used. ~he distance r is given by r = R + (u-x) + (v-2) • If the Fraunhofer approximation R» 1;2 k(x + y2) is adopted, the qu~dratic phase factor is approximately unity of the entire aperture and the observed field distribution can be found directly from a Fourier transform of the aperture distribution itself. Thus u ( u, v) .; cff_u(x ,y) exp(-( i k/R)( ux+vy) ]dxdy -00 (6) where
For a rectangular aperture with apertures !x and! normally illuminated by a unit-amplitude, monoc~romatic wave where f = u/AR, f = v/XR are the frequencies at which tfle Fourier fransform is evaluated. The intensity (square of absolut.e value of U) is
In the context in which the interaction between the surface waves and the crack is viewed, the result is specialized to a very narrow aperture of length 2a, such that the intensity is approximately givenby I(a,B,w)
where W takes into account oblique incidence of the radiation from the transmitter with an angle a to the aperture normal. In a b?ckscatterin~ experiment (typically encountePed 1n a commerc1al application) a = 8 where 8 is the angle of the .
receiver with respect to. the crack normal. VR :s the Rayleigh wave velocity, w is the frequency 1n radians and I(O,O,w) is the intensity at a 0, B = 0 at a given frequency.
Angular Dependence
The results are summarized in Figs. 4, 5 and 6 where data and calculations are presented for the three types of experimental conditions. All three figures are similar in that they show s~ructure typical of diffraction patterns, normal1zed at 8 = 0 i.e., the direction normal to the crack plane: The theoretical .curves (solid line) a~e compared with the exper1mental data (dashed l1ne) with a fit at 8 = 0. Considering the experimental errors in angle determination especially of the crack plane normal, reasonable agreement is observed between theory and experiment, especially in the positions of the nulls and peaks.
Considering the simplicity of the model the comparison with the experi~ent in ~he in~ensities is interesting. The exper1mental 1ntens1ty curves generally fall above the t~eoretical c~rves, especially for the cracks 1n the ceram1c samples. A tentative explanation is based ~g previous work on scattering from rough.surfaces which demonstrated that this behavior represents a diffuse back-scattering as from rough surfaces rather than the ideal scattering from a perfect planar reflector. This suggests the presence of roughness inside the crack, that is the crack face is not smooth but rough, and it is obvious that the crack made by the indentation technique is much rougher than that made by spark erosion technique. A following step in the experiments is to use the results to interpret the degree of roughness of the crack face from the deviation of intensities from the ideal diffraction intensities. An additional source of deviation at large angles off broadside may perhaps be attributabje to the inadequacies of the model. Auld 
Frequency Dependence
Equations (5) and (6) show that the frequency dependence of the radiation pattern at fixed angle may a 1 so be used to derive information on the crack radius. This is demonstrated in Fig. 7 which shows the frequency dependence of back-scattered power from the spectral analysis of a broad-band pulse for a semi-circular slot of radius a= BOO ~m inde'nted into a plate of aluminum. As predicted, the graph shows the same type of diffraction pattern as those in the angular dependence studies. While this graph was obtained for 8 = 18, similar graphs may be generated quite readily for other angles. Such data may then be stored in the computer which can then be called upon to present the data with either angle or frequency as independent variable to show the complete equivalence of sin 8 or frequency as parameter. Figure 6 is actually a graph of the angular dependence as reconstructed at one frequency fr~ a c_ompi 1 at ion of frequency dependence graphs obta 1 ned at various angles.
Inversion
The fields U(x,y) and V(u,v) in Eq. (6) are related by a two-dimensional Fourier transform. The inverse transform may be used to give the source distribution U(x,y) from the measured or otherwise known remote field distribution,
C~rrying out a procedure to evaluate (9) from known o~ measured field distributions constitute~the inverse scattering problem. The specific imp 1 erne ntat ion of Eq. ( 9) is dependent of the nature of the field distribution and data format.
At this point the specific ob~ectiv~s o~ Section II come ihto play and the 1nvers1on 1s specialized to merely obtaining the fracture mechanics parameters, i.e., crack length and depth. Since the crack depth determin?tion is . accomplished by another procedure as d1scussed 1n section (5), the inversion procedure here need only provide a determination of the cra~k le~gth. Th~ Fraunhofer radiation pattern descr1bed 1n Eq. Reconstruction of angular dependence of back-scattered power from spectral analysis of broadband pulses. The points were deduced at one frequency, i.e., 5 MHz (X = 585 ~' m) from a series of spectra obtained for a variety of angles. The results are for a semicircular slot (radius a= 900 ~m) indented into a plate of aluminum. ... Crack Depth Determination For semi-circular cracks, the treatment given above is sufficient to provide a good estimate for the crack dimension. However, whenever ellipticalshaped cracks are encountered, the crack depth or, at least, the crack depth-to-length ratio must also be obtained for use in, for example, fracture mechanical life predictions.
The crack depth is readily derived from measurements of the same type as described above. Figure 8 shows a graph of the scattered amplitude as a function of the frequency for a slot of length 0.254 em and depth 0.039 mm spark erosion cut into a plate of commercial aluminum. In contrast to the previous experiments which· were pulse-echo, the results discussed here are for a fixed transmitter oriented normal to the slot face and a receiver whose angular position is allowed to vary. The principal feature of the graph is a peak at 3.45 MHz which remains stationary in frequency as the receiver angle is increased, in contrast to the other peaks which form a background that changes rapidly with angle (see for example the curve marked 8 = 30°). The stationary peaks correspond to surface waves traveling along the slot face down to the slot tip and back up again to surface of the plate. The depth b is given by
The peak arises because of interference between the waves scattered from the crack tip and those scattered by the edge where the slot breaks the surface of the plate. The accuracy of the crack depth estimation by this technique is given in Table III for Domarkas et a1 6 have recently reported observing peaks in the frequency dependence of the Rayleigh wave reflection coefficient obtained normal to rectangular slots. They have interpreted these peaks in terms of resonances within the slot, i.e., when the depth of the crack is a multiple of a half-wavelength long the top surface displacement tends to be very small, as it is at its tip and so there is again a maximum in the reflection coefficient of a wave incident on the crack. One may infer from this interpretation that the resonances are essentially standing surface waves with quasi-nodal points at the tip of the crack and the top surface. It appears to us that this interpretation has difficulties, since these points are stress-free boundaries and should not in general correspond to points of minimum displacement.
Short Pulse Studies
Another manifestation of the diffraction discussed above lies in time domain studies. These are particularly effective for oblique interrogation of the crack. The situation is illustrated in Fig. 4 for a surface wave incident normal to the crack plane and a receiver scattered at a large angle from the normal. In the case of very short pulses the diffraction pattern can be interpreted as coming from two point sources located at the crack tips. for sufficiently short pulses, the pulses from the two sources can be resolved in the time domain and lead to interference in the frequency domain. Figure 5 shows experimental data obtained with a slot of length a = 0,254 em and the receiver oriented along a direction in the plane of the slot. The separation of the pulses is in good agreement with a time-delay calculated on the basis of a Rayleigh wave traveling along the length of the slot. Good agreement is also observed between the observed and calculated pulse separation at angles other than 90° as is indicated in Table IV . Theor.
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The existence of two somewhat separated pulses in the time domain is equivalent to interference in the frequency domain and Fig. 10 shows the magnitude of the Fourier Transform of the time domain signal of Fig. 9 . Also shown are the calculations corresponding to the model described earlier in good agreement with the experiment with respect to the positions of the nulls and peaks. This comparison is shown more quantitatively on Fig. 11 which plots the null frequencies fm versus the null indices m for several receiver angles. The straight 1 ines 1 abe led "theory" are derived on the basis of where as before 2a is the slot length and VR is Rayleigh wave velocity. 
Fracture Mechanical Predictions
With the techniques described above we have examined six slot/crack configurations with various depths and lengths and have calculated the reduced stress intensity factors K1=Ky/umax (which describes, basically the geometry of tne crack--see Eq. (1)} and qualitatively predicted the direction of crack growth based on an assumed applied stress parallel to the specimen surface and the slot/crack plane. This information is summarized in Table V . FDr example, the crack in silicon nitride having a length of 0.4 mm and a depth of 0.2 mm has a Kr = 0.40Jmm and is going to grow in the direction 1/ 1 = 0, 1/1= 180 or in a direction along its length (see Fig. Za) . On the other hand, the spark eroded slot (in commercial aluminum) with dimensions 2.5 mm in length and 0.4 mm in depth has a Kr = 1.11Jmm and will grow deeper in a direction normal to the surface. Crack Closure _ Part-through crack growth in ductile materials is often associated with partial crack closure as the applied stress is changed dynamically such as during fatigue cycling or as a function of time during stress relaxation. The process is shown in more detail in Fig. 12 which displays schematically a crack in the absence and presence of applied stress. On unloading, a crack starts to close down on itsel~at a stress level ace• the so called closure load. Unloading.the specimen completely leaves the crack partially open, however, due to excessive compressive stresses along the closed fracture stress area. An NDE measurement capable of determining effective crack depth during partial crack closure would be important since it could determine quantities such as the crack closure stress, residual stress,and time dependent stress relaxation wbich are important parameters that modify Eqs. 
CONCLUSION
This report presents results on a simple peaks in the angular and frequency dependence of scattered energy in either pitch-catch or pulse echo. A simple model based on optical diffraction theory is presented and demonstrated. The good agreement between this model and the experimental observations is interesting since it provides -at least to first order -an analogy between the behavior of the surface waves and that of electromagnetic waves. While the results presented here are ·useful for estimation of the size of simply shaped, surface breaking flaws, much more work must be carried out to extend the technique to include all possible situations encountered in fracture mechanics. Such circumstances as cracks inclined to surface, crack with severe surface roughness, no nell ipti cally-shaped cracks, roughness of the specimen surface, crack closure of fatigue cracks, to name a few, must be taken into· account.
SUMMARY COMMENTS
John Brinkman, Chairman (Rockwell International Science Center): There is one item scheduled yet on the program you will notice called Summary Comments. We would ask you, we will promise you, this won't be very long, but we do have two more people that would like to speak. I will tell you, first of all, that the second of these is Don Thompson. Dan's remarks will be short.
The first one is Gary Laurentzen. Gary is with the Naval Ship R & D Center and is going to tell us briefly, about the tour to the Naval Development and Training Center, Fleet Maintenance Assistance Group-Pacific.
Cary Laurentzen: The Command that I am with is staffed by about 1700 to 2000 sai-lors, mostly of the senior rates. Although we don't pursue research, our purpose is to try to develop them as better sailors and provide them some training ashore.
With regard to your own interests, on the tour this afternoon we will back up a little bit and return you to earth, so to speak. In terms of what we have, we are using several nondestructive testing techniques. This was, I guess, a step from nothing in terms of what the Navy was using. We are beginning, however, to use a greater number of procedures. We have been a Command for about ten years or so. It was designed originally in Admiral Zumwalt's day to try to give the sailors a billet ashore because they are at sea all the time. Then we decided to train them in ship repair techniques. The Command is really someplace in between a floating repair ship and a shipyard because we don't have the real experienced personnel that a shipyard would have, but we do an awful lot of similar work.
We have a number of facilities at the Command. These include testing facilities as well as chemical and metallurgical laboratories. These facilities are central to other activities at the Command. For example, we do a considerable amount of pipeshop work. One of the areas where we use nondestructive testing is to determine what piping needs to be renewed. We use ultrasonic techniques to try to measure piping thickness sometimes before it is removed from the ship.
Another area is welding. I would say 50 to 60 percent of our nondestructive testing involves the inspection of welds. A lot of it is done in the shop, an immense amount of welding is also done aboard ship.
A third area of interest is the lagging shop. There has been much publicity recently on asbestos.
We are trying to develop a means to identify the presence of asbestqs in lagging. In the older ships, the lagging may contain asbestos which is used to insulate steam piping. If you have any ideas concerning identification of asbestos, I would surely like to have that. We also use NOT procedures in our foundry. We pour some of the more exotic alloys. We do have to radiograph some castings, and we will do some ultrasonics on them. We do not have any shear wave capabilities. This is sort of the next step for the Navy. An additional use for NOT procedurs is in oil analysis to detect engine wear. The Navy has quite a campaign now in attempting to use this technique for the diesel engines in which we perform spectroscopic examinations of oils after every hundred hours or so to detect the presence of wear metals and determine how soon we may need to overhaul an engine.
The corrosion and erosion of pumps in salt water environments is a major problem area in terms of ship maintenance. We are not doing too much in terms of NDE in this area. It is just a matter of finding an alloy that will hold up under this type of environment where we have so many problems.
This has been a short preview of what you will see on the tour. I hope it will be of interest to you. As I said, we are not a research Command, but we would certainly appreciate any comments from you as you observe our work that would improve our NDE activities. Thank you.
John Brinkman, Chairman: Thank you Gary. Before I can Don up here, I just want to say I know I speak for everyone here and everyone who has been here this week in wanting to express our gratitude to Don for everything that he has done to make this conference possible. I learned he does some things that I didn't know he did. As a matter of fact, I found myself with him on a couple of occasions and ended up doing carpentry work, janitorial work and a few other things. Really, Don personally looks after everything from a long time before this conference takes place until a long time afterward. I think that we should give Don a hand before asking him to come up here for his final remarks.
Don Thompson (Rockwell International Science Center): Thank you for the very kind remarks, John. I just have a few comments to make in the way of acknowledgments before we close. I wish to thank you all for coming to the meeting. I wish also to acknowledge the people at Scripps. We have had good cooperation from the people at the Scripps organization. We also had a number of overseas visitors whom we want to welcome. I would also like to acknowledge the many good works interactions that participants of this program have had with the ARPA Materials Research Council. Some of the MRC work, in parallel with work in this program, has really been of importance in bringing about key advances in this area In this context I especially want to acknowledge the contributions of MRC members W. Kohn, B. Budianski, J. Rice and R. Thomson. I would also like to thank Mrs. Diane Harris and Mrs. Nadine Brinkman for their excellent work in arranging and mana.ging the many details associated with this meeting. If you feel inclined I think they are still outside the door and as you go out you might. like to give them a thanks.
Finally, I would like to thank both ARPA and AFML for their support in this work and for the privilege of being able to present it at a meeting like this. The proceedings of the meeting will be published as an Air Force Materials lab report. Those of you who are registered at this meeting should receive a copy in the mail.
Many thanks to Mr. Jim Kelly and Mr. Gary Laurentzen of the Navy in preparing the tour this afternoon. I think it will be an interesting tour and I hope you will be able to participate in it. It is always a revelation, I think, for a research person to see the environment in which his product eventually must be used. It is enough to. make one throw up his hands in despair.·at times, but it is a worthwhile experience in the sense that it often suggests different approaches to research if you know something of the final geometric and environmental constraints in which it has to be used.
With that, I think I have nothing more to say. I will repeat the announcements that Mike maae this morning. The desire is to hold the meeting here at Scripps again next year. I certainly endorse that. The grounds, the surroundings, the climate, the people, have certainly all been cooperative. Again, thank you. · 524
